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Study on characteristics of cavitating flow around vortex generators

Ji-Woo Hong', Young-Jin Kim and Byoung-Kwon Ahn'

Abstract In this study, we present experimental results of cavitating flow around a vortex generator
which is used to improve the flow in the wake of ships and enhance propulsion efficiency. We
conducted experiments at the CNU cavitation tunnel on a total of six vortex generators, two different
aspect ratios and three taper ratios. We recorded cavity patterns using a high-speed camera and
quantitatively evaluated cavity fraction using OpenCV. The most important finding of this study is
that the vortex cavity generated at a root leading edge of the vortex generator develops at a specific
angle.

Key Words : Vortex generator(2}7 A4) 7]) Cavitation(3-5, 7HH]E]o]4d), Taper wing(Elo]¥ &
7W), High-speed image(Z31% 37d), Flow visualization(& 7FA]3})

1.ME A vl 715 %A}o}o% HEAE
A T ASS Bk B3 25A 2Hl
AT W 2ETe] WEsh agstel U Jlzg naeel FHel f5 AlolFoaH
CFEE Ul Wig 87k AXIL lem,  gag wol: AySe] Fena gl S
Sl AF AAREE F15E A5 A s o7 A7 (vortex generator)= 2 4 5
A gk Adke] 4 AAsE B 2FE Ao 45 Alo] we) sR, s WA
& 57k A g o m Al 2hR A AF e 5HE T FoaH
thar B ¢ glom oo e} HdFe] HHs3} o] S= a2 (A7 = glo] thoksl F8hA
Q19| 7)ol gk AqtEo] Eibe] xle o] gk Aol ¢85 9tk Lee et al.(2015)S 3}HE
t} Yoon & Chun(2004)2 <& A7|&S H71 FeFol| ole] TR B RS Halalis 1Al
g AR TH«] fre Aol R AR a3 AS T8t VAT ARATE ATE
of ¥k A5 A3 AL, Latorre(1997)+= Al T3P A, Fernandez Gamiz et al.(2017) <
- ) A4 7S ARgske] T8 R Evfell o
Ennentng, Coungram Nationl Urivorsty 37154 7111 W Gumey flap) & 2312
E-mail: bkahn@cnu.ac.kr Bl EHe] FaEE maAt 2_}%% s
" Department of Autonomous Vehicle System Lee & Lee(2018)= A2 ZZAY R PIV
Engineering, Chungnam National University 5 7HA 8 B3l Akl 37 d ol A




86 29 7134 -

Angle of Flow
attack _,.—

Vortex Generator
(VG)

Fig. 1. Ship flow and a vortex generator
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CNU-CT Specifications
MotorPower:  90kW (120HP) Centrifugal Pump

No.I Test Section:  100mm x 100mm (Contraction Ratio 15:1) If—
No.2 Test Section:  120mmx 50mm (Contraction Ratio 25:1)
Max. Flow Speed :  20m/s (No.1), 30m/s (No.2)

Pressure (abs):  10kPa~ 300kPa
5x10+Torr (750W)
ssor  8kgfiem? (SHP)

009°C

Fig. 2. Cavitation tunnel (CNU-CT)
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Fig. 3. Geometry of the test model
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Fig. 5. Schematic view

Fig. 4. Test models
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Table 1. Test model specification

Taper angle| Tip chord | Root chord | Span AR

o
[l [mm] [mm] [mm]

64.2 45 1.1
s 192 44.7 25.5 0.8

54.6 45 1.1
60 28.

! 45.9 29.8 0.8 P,—P,
49.8 45 1.1 o=
1 (@)

70 - 44.9 313 | 08 5PV
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Table 2. High-speed camera specification HojFErh wE7te] 0581 A5, AulElold 4=
Frame rate (max) 800,000 fps 7} Solxw A T HE Jlu] g o] A (Wake
Pixel size 10 pm (square) Vortex Cavitation, WVC)o] 2tAste] A3ale
H x V resolution 1280 px x 1024 px RS B £ Q) wrezlbo] 1029 4 o‘r H ]
Bit depth (ADC) 12 bits

—r\ﬂ(root)«l Shdell Al K82 Flu]H o] (Root
Leading edge Vortex Cavitation. RLVC)®] 5%
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Fig. 7. Cavitation patterns (B = 45°, AR = 1.1)
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Fig. 8. Schematic view of cavitation at taper hydrofoil
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Fig. 9. Cavitation pattern comparison (B = 60°, ¢ = 0.54)
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Original OpenCV-Python + Prerequisites: RGB BG images w/o Bubble
High-speed Video Library « 7 steps of the digital image processing
$ I
Applying Image IMAGE_CHOPS D_ + Image decompositions
Masking DIFF. + Special effects & Algorithmic painting
3 |
Convert RGB to IMREAD _ ‘Cll‘ + Color_BGR2GRAY
grayscale GRAYSCALE + Histogram Normalization for contrast
enhancement
&
Binarization BITWISE_NOT @—l + Image inversion for find cavity contours
= |
» Enhancing visual quality by modifying the
< ' | Gamma Correction ADJUST_ ﬂ relationship between input and output
: GAMMA - - "~
: signal intensities
g |
+ Array values within a specified range of
s ) CLIP A
., Adjust brightness . g« min and max values
EA 3 (NumPy Library) « Cavity segmentation
« Classify the pixel values
ujl Thresholding TglﬁlisR:‘(_ ﬁ + Set to a maximum value exceeding the
- threshold
¥
Estimation & » « Count 2D array of white (bubble) pixels
F 3 Visualization « Get characteristic parameter

Fig. 11. Image analysis process
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Fig. 12. Cavitation fraction (AoA = 0°)
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Fig. 14. Vortex angle comparison (AR = 1.1)
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